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Abstract 
A 2D Hall microdevice for synchronous measurement of two in-plane magnetic-field components, using an original coupling 
concept based on two identical parallel-field three-contact (3C) silicon Hall elements positioned at right angle and integrated on 
the same chip, is presented. The two pairs of outer contacts of 3C Hall transducers are connected via two load resistors, 
converting simultaneously and independently the current changes in Bx and By magnetic fields into Hall voltages. Since the 
supply currents in both structures are equal, the magnetosensitivities are the same, too. At a fabrication of the devices on a 
common silicon chip, the output temperature drifts are perfectly matched. The high measurement accuracy, performance and 
compensated channel offsets of this 2D magnetometer are achieved by the minimal interface components between both sensors. 
The suggested sensing microsystem is appropriate for many contactless measurement instruments. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015. 
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1. Introduction 
The well-known so-far advanced 2D integrated silicon Hall microsensors measuring simultaneously two 
magnetic-field components, Bx and By,  parallel to the chip's surface, are mostly based on CMOS five-contact (5C) 
in-plane sensitive Hall elements, constructively similar to parallel-field bipolar magnetotransistors [1-4]. On their 
basis, very promising results and performance are achieved, appropriate for various practical applications in 
contactless automation and low-field magnetometry [2-4]. But such microsystems feature some disadvantages, such 
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as: channels sensitivity reduction due to the large surface spread of the supply current; a lot of contacts and 
connections between them; limited carriers’ Lorentz deflection in n-well regions on p-Si substrates at CMOS 
versions reducing magnetosensitivity; great measurement error caused by the cross-channel talk; high offsets and 
unpredictable offset temperature drifts of the individual channel outputs, etc. These disadvantages limit the 
functional possibilities of these perspective Hall microsensors. In the attempt to overcome these problems, the first 
devised in-plane sensitive Hall devices – the three-contact configurations [1,5], were somewhat put aside. Employed 
specific technology and optimal sensor geometry, although it is the simplest known Hall device so far, higher 
magnetosensitivity is achieved due to the use of the whole supply current for generating Hall voltage, and not only 
half of it, as in the 5ɋ versions. Moreover, the minimal design complexity and differential output of the 3C Hall 
sensors provide some advantages which corroborate the use of this strategy in 2D magnetometry. A 2D 
multidimensional Hall effect microsystem, based on two 3C in-plane sensitive Hall elements, using an original 
coupling concept, which overcomes some of these disadvantages, is presented. 
2. Device design and principle of operation 
The new 2D magnetometer contains two identical in-plane sensitive 3C Hall devices positioned at right angle to 
each other, Fig. 1(a). The top-view of both Hall transducers is presented in Fig. 1(b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Device design based on two 3C Hall elements; (b) Schematic view of 2D magnetometer fabricated on n-Si substrate. 
 
Sensor 1 is intended to measure the Bx component of magnetic field B, parallel to the chip's surface, and sensor 2 
– the By component, respectively. The surrounding p-ring reduces surface current spread and confines the two 
transducer regions in the bulk, increasing the sensitivities. Let us recall briefly the action of the 3ɋ Hall device [1,5]. 
Both ohmic contacts, ɋ1 and ɋ3, Fig. 1(a), are used for both power-supply and obtaining output signal. The supply 
current IC2 proceeds to the middle electrode ɋ2, the outer electrodes ɋ1 and ɋ3 are symmetrically positioned with 
respect to it. This element operates in constant current mode, due to both load resistors plug in the outer contacts. In 
the absence of field B, the current components under contacts ɋ1, C2 and ɋ3 initially flow vertically into the bulk at a 
depth of about 20-30ȝm, then become parallel to the upper chip surface. The current IC2 through the middle 
electrode C2 play a key role in Hall effect. In field ȼ, the Lorentz force FL = qvdr x B deflects left or right the 
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component IC2, which is two times greater than the current IC1 or IC3, IC2  = IC1 + IC3, IC1 = IC3. Thus, linear and odd 
changes of the currents in the magnetic field through contacts ɋ1 and ɋ3, are obtained. These changes of the currents 
are transformed via load resistors into differential Hall voltage VC1,3(B) Ł VH(B), which is the sensor output. In the 
suggested solution from Fig. 1(a) and Fig. 1(b), two identical 3C in-plane sensitive Hall elements are used, 
positioned onto Si substrate at right angles. 
The original coupling concept in this 2D device is based on two load resistor groups: R1 = R3 are high-impedance 
resistors and R2 = R4 are low-impedance trimmers, Fig. 1(a). Resistors R2 and R4 initially compensate the inevitable 
offsets at the channel outputs. The key feature is that both sensors share the same resistor groups, at which the 
output Hall voltages for the individual components Bx and By are generated simultaneously and independently. The 
specific implementation of the new idea is as follows. The planar contacts ɋ1 and C4 and ɋ3 and ɋ6, respectively, are 
connected via the two equal-in-value resistors R1 and R3 with R1 = R3 ޓޓ Rint, where Rint is the internal structure 
resistance. The middle contacts C2 and C5 are fed to the power-supply Es, Fig. 1(a). Load resistors R1 and R3 
simultaneously and independently transform the current changes through contacts ɋ1-ɋ4 and C3-C6 into Hall 
voltages, when magnetic-field components Bx and By are applied. The operation of this two-axis device is 
determined by the nonlinearity of the carriers’ trajectory. At a field B(Bx, By)     0, due to Lorentz force FL, the 
trajectory of the carriers either shrinks towards the upper surface with contacts, or expands to the substrate. As a 
result, the currents via the outer contacts C1-C3 and C4-C6 changes proportionally to the components Bx and By. 
Thus, currents changes are equal, but of opposite sign. Resistor groups transform these changes into Hall voltages 
VC1,3(Bx) = V(Bx) and VC4,6(By) = V(By). The offset drifts of two Hall elements are expected to be almost equal and 
with the same sign, since they occur in close vicinity into the substrate. The Hall voltages V(Bx) and V(By) contain 
full information for the in-plane components Bx and By, respectively. The instrumentation op-amps U1 and U2 
convert the differential Hall voltages into single-ended signals V(Bx) and V(By). Both amplifiers U1 and U2 must 
keep identical gains as much as possible.                                  
3. Implementation of the microsystem 
The experimental prototype has been implemented using part of the processing steps applied in bipolar IC 
technology. The n-Si substrate is 300 ȝm thick, with resistivity ȡ § 7.5 ȍ.cm, the carrier’s concentration is about n0 
~ 4.3 ɯ 1015 cm-3. Similar to [6], four masks are used. Mask 1 determines the n+ implants for ohmic contacts C1, 
C2…C6 with the substrate, the depth of the n+-n contacts being about 1 ȝm. Mask 2 defines the area of the deep 
rectangular p-ring, mask 3 is intended for the metallization layers and the bonding pads. Mask 4 defines the contact 
opening on the surface SiO2 layer for the electrical contacts between the metal and the n+ regions. The dopant donor 
concentration of the n+-n zones is n § 1020 cm-3. The deep surrounding p-ring width at the surface is about 25 ȝm (on 
the mask).  The size of the ohmic contacts is 5 x 20 μm2 with 10 μm distance between them. The microsystem is 
accomplished by hybrid technology, using precise amplifiers as discrete electronic components. The op-amps U1 
and U2, Fig. 1(a), are implemented as dual-instrumentation amplifier IC AD8222, [7]. The overall experimental 
error is about 2 %. 
4. Experimental results 
Some of the 2D magnetometer characteristics are shown. The channel magnetosensitivities are equal, reaching Sx 
= Sy § 39 V/AT without amplification, Fig. 2(a). The non-linearity in the range – 1.0  B  1.0 T is no more than NL 
 1.4 %. The two temperature offset drifts are very well matched, which improves the measurement accuracy. The 
internal noise in the range 10 Hz   f   1 kHz is of the 1/f type, Fig. 2(b). The channel cross-talk does not exceed 
1.6 % at induction B = 1.0 T, Fig. 3. The lowest detected magnetic field Bmin at a supply current IS = 3 mA and 
frequency f  103 Hz is Bmin § 9 μT. The effective operational volume is about 90 x 70 x 30 ȝm3, which provides for 
the high spatial resolution of this magnetometer. 
5. Conclusion 
The used original coupling concept and non-complicated technology applied to 3C in-plane sensitive Hall 
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elements for 2D sensing are very promising. The interface electronics is simple and reliable. The obtained results 
and performance are appropriate for many contactless applications, including magnetic compass and robotized 
unmanned flight vehicles. The future objective is to develop a similar device configuration ensuring measure as well 
the third orthogonal to the chip surface, the Bz component. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Output characteristics of the 2D Hall device, the op-amps gain is 1; (b) Noise spectral density of one channel, T = 20 ºC and B = 0.  
 
 
 
 
 
Fig. 3. Cross-channel parasitic influence of the 2D Hall vector magnetometer. 
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